Piper species are used for spices, in traditional and processed forms of medicines, in cosmetic compounds, in cultural activities and insecticides. Here barcode analysis was performed for identifi cation of plant parts, young plants and modifi ed forms of plants. Th irty-six Piper species were collected and the three barcode regions, matK, rbcL and psbA-trnH spacer, were amplifi ed, sequenced and aligned to determine their genetic distances. For intraspecifi c genetic distances, the most eff ective values for the species identifi cation ranged from no diff erence to very low distance values. However, P. betle had the highest values at 0.386 for the matK region. Th is fi nding may be due to P. betle being an economic and cultivated species, and thus is supported with growth factors, which may have aff ected its genetic distance. Th e interspecifi c genetic distances that were most eff ective for identifi cation of diff erent species were from the matK region and ranged from a low of 0.002 in 27 paired species to a high of 0.486. Eight species pairs, P. kraense and P. dominantinervium, P. magnibaccum and P. kraense, P. phuwuaense and P. dominantinervium, P. phuwuaense and P. kraense, P. pilobracteatum and P. dominantinervium, P. pilobracteatum and P. kraense, P. pilobracteatum and P. phuwuaense and P. sylvestre and P. polysyphonum, that presented a genetic distance of 0.000 and were identifi ed by independently using each of the other two regions. Concisely, these three barcode regions are powerful for further effi cient identifi cation of the 36 Piper species.
Introduction
Plants in the genus Piper have been used since prehistoric times for a variety of human activities. Th ey are used as spices, in traditional and processed forms of medicines, in cosmetic compounds, in cultural activities and as insecticides (Chaveerach et al. 2006a , Scott et al. 2008 , Fan et al. 2011 . Piper betle, the betel plant, is one of the most important and well-known species of the genus. It contains important chemical substances, such as chavicol, cineol and eugenol, used in essential oils, medicines and insecticides (Yusoff et al. 2005 , Misra et al. 2009 ). Eugenol has been reported as having anti-oxidant and anti-infl ammatory properties (Misra et al. 2009 ). Although the betel plant is of great economic importance, it is challenging to cultivate. Th e main problem is foot and leaf rot, which is caused by the fungus Phytophthora parasitica Dast. In addition, the plant is subject to leaf spot, which is caused by bacteria (Silayoi et al. 1985, Banka and Teo 2000) . Investigations of the genus Piper in Th ailand (Chaveerach et al. 2008 (Chaveerach et al. , 2009 ) have found that among the 43 Piper species, some produce a betellike scent. Of these, all are wild species and hardy, producing numerous branches and leaves. Th ey are tolerant and resistant to disease. Some produce a stronger scent than betel. Th erefore, these species might be equally or more economically benefi cial than the betel plant. Th e assured advantage is that there would be more choices of plants for use (Sanubol et al. 2014) . Medicinal plants have been used in natural and modifi ed forms. Th e modifi ed forms such as dried sliced plant parts, powder and capsules, are diffi cult to recognize by physical features. Th erefore, reliable identifi cation methods for these plant forms should be developed. DNA barcoding is the most reliable and applicable method for identifi cation. Th e method was developed in 2003 (Hebert et al. 2003) . It principally uses short DNA sequences from appropriate genome regions for the identifi cation of organisms. Th e CO1 and 16s rDNA regions have been successfully used for most animals. For example, Hebert et al. (2004) used the mitochondrially encoded cytochrome c oxidase I (MT-CO1) to discriminate between bird species. Zhang and Hanner (2012) used sequences of MT-CO1, 16s RNA, MT-CYB and RNA 18s in 242 species of fi sh and in 11 Epinephelus species.
For plants, however, it is more of a challenge. Currently, several research groups are seeking a suitable genome region, and this eff ort has led to the identifi cation of appropriate regions for DNA barcoding in some plant groups, such as the matK gene (Siripiyasing et al. 2012 , Tanee et al. 2012 , the rbcL gene (Tanee et al. 2012 , Kwanda et al. 2013 , the psbA-trnH spacer region .
Th e standard barcodes used for most investigations of plants are the three plastid barcodes, which include matK gene, rbcL gene and psbA-trnH spacer, and one nuclear (ITS) regions identifi ed by the CBOL Plant Working Group (2009), Chaveerach et al. (2011 ), Hollingsworth et al. (2011 and Monkheang et al. (2011) . With the importance of Piper species as economically valued plants worldwide and with the plant parts of many species being used, such as the trunk, leaves and fruits, as well as young plants and processed plant materials in the forms of powder and slices, identifying the species used is paramount to verify the authenticity of such goods. Th erefore, these products should have a specifi c marker that identifi es a species using barcode for each species.
Th e aim of this research was to construct barcodes for Piper species in Th ailand using matK, rbcL and the psbA-trnH spacer regions, as these species are important medicinal plants that have not been fully explored for barcode identifi cation. Here we initiate the development of reference barcodes for plant parts, young plants and plant products.
Materials and methods

Plant materials
Species and sites of Piper recently reported in Th ailand (Chaveerach et al. 2006a , 2006b were collected and carefully identifi ed followed the literatures. Leaf samples were kept on ice, transferred to the laboratory, and then stored at -20 °C until further use.
DNA extraction
Whole genomic DNA was extracted using a Plant Genomic DNA Extraction Kit (RBC Bioscience) following the kit protocols.
Amplification of barcode fragments
Polymerase chain reaction (PCR) analyses were performed with primer pairs (5'-3') ATCCATCTGGAAATCTTAGTTC and GTTCTAGCACAAGAAAGTCG (CBOL Plant Working Group 2009) for the matK gene, GTCACCACAAACA-GAGACTAAAGC and GTAAAATCAAGTCCACCRCG (CBOL Plant Working Group 2009) for the rbcL gene, and GTTATGCATGAACGTAATGCTC and CGCGCATGGTGGATTCACAATCC (Hollingsworth et al. 2011) for the psbAtrnH spacer region. Th e reaction mixture (30 μl) consisted of 1× GoTaq Green Master Mix (Promega), 0.5 μM primers, and 30 ng of DNA template. Th e amplifi cation profi le included pre-denaturation at 94 °C for 1 min, 35 cycles of denaturation at 94 °C for 30 s, annealing at 52 °C (for matK) or 55 °C (for rbcL and the psbA-trnH spacer) for 30 s, extension at 72 °C for 1 min and a fi nal extension at 72 °C for 5 min. Th e amplifi ed products were subjected to 2% agarose gel electrophoresis.
DNA sequencing and sequences analyses
Th e specifi c fragments amplifi ed were sequenced at the DNA Sequencing Unit, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Th ailand. Th e sequences were then analyzed using Blast tools (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequences were aligned for each genome region amplifi ed to determine genetic distance values by MEGA6 (Tamura et al. 2013) +Noncoding. All positions containing gaps and missing data were eliminated. Th e sequences were submitted to GenBank and corresponding accession numbers were given.
Results
Th irty-six Piper species were collected to construct barcodes. Because most of the Piper species that we investigated were wild, it was diffi cult to collect a suffi cient amount of samples from all 36 Piper species to adequately construct barcodes. Suffi cient samples were obtained for four species, P. nigrum, P. betle, P. sarmentosum and P. retrofractum, which are all economic plants.
Th e amplifi cation of barcode bands from the matK region was not successful in two species, including P. montium and P. rubroglandulosum (♀). Th is may be because the DNAs were fragmented at the primer regions. Table 1 shows the GenBank accession numbers corresponding to 119 sequences from the matK, rbcL and psbA-trnH spacer regions for all 36 species studied.
Th e intraspecifi c genetic distances for each region were the following: 1) for the matK region, the lowest value of 0.000 was observed in P. dominantinervium, P. hongkongense, P. kraense and P. longum, while the highest value of 0.386 was observed for P. betle; 2) for the rbcL region, the lowest value of 0.000 was observed in P. dominantinervium, P. hongkongense, P. longum, P. pedicellatum, P. pilobracteatum, P. polysyphonum, P. sarmentosum, P. sylvestre and P. wallichii, while the highest value of 0.166 was observed in P. betle; 3) for the psbA-trnH spacer region, the lowest value of 0.000 was observed in P. dominantinervium, P. khasianum, P. kraense, P. longum, P. montium, P. mutabile, P. nigrum, P. pilobracteatum, P. polysyphonum and P. sarmentosum while the highest value of 0.117 was observed in P. boehmeriifolium.
Th e interspecifi c genetic distances for each region were the following: 1) for the matK region the lowest value of 0.000 was observed in the paired species P. kraense and P. dominantinervium, P. magnibaccum and P. kraense, P. phuwuaense and P. dominantinervium, P. phuwuaense and P. kraense, P. pilobracteatum and P. dominantinervium, P. pilobracteatum and P. kraense, P. pilobracteatum and P. phuwuaense and P. sylvestre and P. polysyphonum, while the highest value of 0.486 was observed between P. ribesioides and P. pilobracteatum; 2) for the rbcL region, the lowest value of 0.000 was observed between pairs P. dominantinervium and P. caninum, P. kraense and P. boehmeriifolium, P. maculaphyllum and P. khasianum, P. magnibaccum and P. khasianum, P. magnibaccum and P. caninum, P. magnibaccum and P. dominantinervium, P. montium and P. khasianum, P. montium and P. magnibaccum, P. mutabile and P. caninum, P. mutabile and P. dominantinervium, P. mutabile and P. magnibaccum, P. nigrum and P. caninum, P. nigrum and P. dominantinervium, P. nigrum and P. magnibaccum, P. nigrum and P. mutabile, P. pedicellatum and P. khasianum, P. pedicellatum and P. magnibaccum, P. pedicellatum and P. montium, P. pedicellatum and P. pendulispicum, P. pendulispicum and P. Table 2 is a representative example.
Discussion
Most of the 43 species of wild Piper in Th ailand have many functional uses. Only four species, P. betle, P. retrofractum, P. nigrum and P. sarmentosum are economic and cultivated species, and all of these species are also used as ingredients in the products mentioned above in the introduction. Piper betle is a well-known species that is important for its chemical substances, including essential oils, chavicol, cineol and eugenol, which can be used for medicinal and insecticidal purposes. Because these plants are widely used, and used in several forms, which include plant parts, powdered preparations, capsule formulations and other preparations, their authenticity should be verifi ed using DNA barcodes to establish the worthiness of these products for medicinal, cosmetics and house-hold use. To overcome the problems associated with identifying species based on morphological characters, DNA barcoding has been employed. For fl owering plants in Th ailand, the psbA-trnH spacer region was suggested as an effi cient DNA barcode marker in Senna species (Monkheang et al. 2011) , as well as Smilax and Cissus species (Kritpetcharat et al. 2011) . In addition, the rbcL gene has been suggested as a marker in parasitic plants, including Scurrula, Dendrophthoe, Helixanthera, Macrosolen and Viscum species (Kwanda et al. 2013 ) and the matK gene marker was identifi ed in some medicinal Piper species (Sudmoon et al. 2012) . Th erefore the authors selected these three regions for barcode promising in the Piper species. 
